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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of * 



MACKLIN, William, James et al * 



New U.S. National Stage Application * 

of International Application No. * Attention: DO/EO/US 

PCT/GB00/03211 * 



International Filing Date: * 
18 August 2000 * 

For: ANODE FOR RECHARGEABLE LITHIUM CELL 



PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir : 

Please amend as follows: 

In the Claims : 

Amend Claims 1 and 4 as follows: 

1. (Amended) An anode for a rechargeable lithium cell, 
the anode comprising carbon nanotubes, characterized in that 
the nanotubes contain within them a metal or a metalloid 
selected from the group consisting of aluminium, tin, metallic 
alloys containing aluminium or tin, and silicon, that can form 
alloys reversibly with lithium over a range of compositions. 



4 . (Amended) 
an anode as claimed 
electrolyte . 



A rechargeable lithium cell incorporating 
in claim 1, a reversible cathode, and an 
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New U.S. National Stage Application of 
International Application No. PCT/GB00/03211 
Attention: DO/EO/US 



Add the following new claims: 

5. (New) A rechargeable lithium cell incorporating an 
anode as claimed in claim 2, a reversible cathode, and an 
electrolyte . 



6. (New) A rechargeable lithium cell incorporating an 
anode as claimed in claim 3, a reversible cathode, and an 
electrolyte . 

REMARKS 

By this Preliminary Amendment, all multiple dependencies 
in the claims have been deleted, and some minor amendments as 
to form have been made. New Claims 5 and 6 have been added. 



A marked up copy showing all the changes made to Claims 1 
arid 4 relative to the previous versions of those claims is 
submitted as ATTACHMENT A. 



Favorable action is courteously solicited. 



Respectfully submitted, 



William H. Holt 
Reg. No. 20766 

Law Offices of William H. Holt 
Unit 2, First Floor 
1423 Powhatan Street 
Alexandria, VA 22314 
Telephone: (703) 838-2700 
Facsimile: (703) 838-2701 
e-mail: whholt@erols . com 
February 20, 2002 
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ATTACHMENT A .. 

1. (Amended) An anode for a rechargeable lithium cell, 
the anode comprising carbon nanotubes, characterized in that* 
the nanotubes contain within them a metal or a metalloid 
selected from[:] the group consisting of aluminium, tin, 
metallic alloys containing aluminium or tin, [or] and silicon, 
that can form alloys reversibly with lithium over a range of 
compositions . 

4 . (Amended) A rechargeable lithium cell incorporating 
an anode as claimed in [any one of the preceding claims] claim 
1, a reversible cathode, and an electrolyte. 
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Anode for Rechargeable Lithium Cell 



This invention relates to an anode for a 
rechargeable lithium cell, and to a cell incorporating 
5 such an anode . 



For many years it has been known to make cells with 
lithium metal anodes, and cathodes of a material into 
which lithium ions can be intercalated or inserted. A 
10 wide variety of intercalation or insertion materials are 
known as cathode materials for rechargeable lithium 

cells, such as TiS 2 , V 6 0 13 and Li x Co0 2 where x is less than 

1; and these materials are often mixed with solid 
electrolyte material to form a composite cathode. To 

15 avoid the problems arising from dendrite growth at 

lithium metal anodes during cycling, it has been proposed 
to use an intercalation material such as graphite as the 
anode material, and this also may be mixed with solid 
electrolyte material to form a composite anode. 

20 Rechargeable cells of this type, in which both the anode 
and cathode contain intercalated lithium ions, are now 
available commercially, and may be referred to as lithium 
ion cells, or as swing or rocking-chair cells. 

25 Another known possibility is to use, as the anode 

material, a metal such as aluminium that forms an alloy 
with lithium. However, repeated cycling of a cell with a 
lithium/aluminium alloy anode leads to volumetric changes 
and structural damage. Tin oxide has also been suggested 

30 as a reversible anode material in a lithium ion cell. The 
lithium insertion process is believed to proceed by the 
initial reduction of the tin oxide, followed by 
reversible formation of the lithium alloy. While the 
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repeated insertion and removal of lithium into bulk tin 
metal tends to show poor reversibility due to large 
volumetric changes, improved stability of tin oxide 
anodes is observed due to the presence of an oxide 
5 framework surrounding the metallic tin particles. 

The use of carbon nanotubes in the anode of a 
secondary lithium cell has been suggested in JP-A-10- 
125321 (Sony). The use of carbon nanotubes doped (at a 
10 concentration less than 100 ppm) with an alkali or 

alkali -earth metal of low ionisation potential in the 
anode of a lithium secondary cell has been suggested in 
JP-A-09 -045312 (Matsushita); the doping metal is believed 
to improve the electronic conductivity of the carbon. 

15 

According to the present invention an anode for a 
rechargeable lithium cell comprises carbon nanotubes that 
contain within them a metal or a metalloid selected from 
aluminium, tin, metallic alloys containing aluminium or 
20 tin, or silicon, that can form alloys reversibly with 
lithium over a range of compositions. 

The term alloy should be understood as encompassing 
both conventional alloys and lithium/elemental compounds 
25 of the general formula MLi x , where M represents the other 
element (metal or metalloid) and x may have a range of 
different values. 

Preferably the carbon nanotubes are bound together 
30 by a polymeric binder, which may for example be 
polyvinyl idene fluoride . 

The present invention also provides a rechargeable 
lithium cell incorporating an anode as specified above, a 
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2 continued 

reversible cathode, and an electrolyte. The electrolyte 
may be either a solid polymeric electrolyte, or a liquid 
electrolyte. Where the electrolyte is a liquid, an inert , 
liquid -permeable separator is usually provided to 
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separate the anode from the cathode. A variety of 
different intercalation materials may be used in such a 
cathode. 

Such a cell can be expected to have improved 
capacity and improved reversibility, because the 
nanotubes will provide a stabilising framework for the 
alloy. The carbon nanotubes may also provide additional 
lithium intercalation capacity. 



Carbon nanotubes are tube -like structures of 
diameter no more than a few nanometres, but which may be 
several micrometres in length. They can be considered as 
a sheet or hexagonal lattice of carbon atoms (as in a 

15 layer of graphite) which has been rolled up to make a 

cylinder, with a hemispherical cap like half a fullerene 
molecule at each end. The nanotubes can be characterized 
by their diameter, and their helicity, which is 
determined by the axis about which the sheet is rolled. 

2 0 They have been made by laser vaporisation of a carbon 

target in a furnace, in the presence of a cobalt/nickel 
catalyst; they have also been made using a carbon arc. 



The invention will now be further and more 
25 particularly described, by way of example only. Carbon 
nanotubes are prepared electrolytically , by using a 
carbon electrode as cathode in a bath of molten salt, 
such as sodium chloride. It is believed that, on the 
application of current, sodium is forced into the 
30 graphite structure and this induces the extrusion of the 
nanotubes. A less stable salt, such as tin chloride, is 
also introduced into the molten salt bath. This 
decomposes first, and the resulting metal (tin) is 
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initially deposited onto the surface of the graphite. It 
is found that the nanotubes resulting from this procedure 
contain the metal of the less stable salt inside the 
nanotubes. After electrolysis, the salt is dissolved in 
5 water; the nanotubes remain in suspension, but will 

collect at the interface between the aqueous solution and 
an immiscible organic liquid. In this way the nanotubes 
can be produced with high yield. 

10 The tin-filled nanotubes made as described above are 

thoroughly dried. The nanotubes are then used to make an 
anode, by mixing 90 parts by weight of the nanotubes with 
10 parts of polyvinylidene fluoride homopolymer (PVdF), 
forming a slurry with N-methyl pyrrolidone (NMP) as 

15 solvent for the PVdF, casting onto a copper foil current 
collector, and thoroughly drying the cast layer to remove 
the NMP solvent. A similar procedure is then used to 
make a cathode, mixing lithium cobalt oxide, carbon and 
PVdF with NMP as solvent to form a slurry, casting onto 

20 an aluminium foil current collector, and thoroughly 

drying the cast layer to remove the NMP solvent. The 
anode and the cathode are then separated by a microporous 
polyethylene separator, wound up to form a coil, and 
inserted into a can. The can is then filled with organic 

25 liquid electrolyte consisting of 1M LiPF$ dissolved in 

ethylene carbonate/ethyl methyl carbonate mixture, and 
sealed. 

It will be appreciated that an anode comprising only 
30 nanotubes and a polymer binder (such as polyvinylidene 

fluoride) is suitable where the anode is to be used in a 
cell with a liquid electrolyte. An alternative anode 
incorporates plasticising solvent (such as ethylene 
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carbonate or propylene carbonate) along with the 
nanotubes and the polymer binder, and a lithium salt, and 
is suitable for use with a solid polymer electrolyte. A 
further alternative anode incorporates plasticising 
5 solvent, nanotubes and polymer binder, but no lithium 
salt- Such an anode would be easier to handle, as an 
anode containing lithium salt must be kept in a totally 
dry environment. 

10 To produce aluminium-filled nanotubes the 

electrolysis process is substantially the same as that 
described earlier, except that the less stable salt to be 
added to the molten salt bath is aluminium chloride. 

15 Thus an alternative cell may be made as follows, 

using aluminium-filled nanotubes that have been 
thoroughly dried. Forty eight parts of the nanotubes are 
mixed with 24 parts of the volatile solvent tetra- 
hydrofuran to produce a slurry (all parts are parts by 

20 weight) . This is then mixed with a polymer solution 
containing six parts of a PVdF copolymer, 30 parts of 

salt solution (1 M LiPF 6 in a mixture of three parts 

ethylene carbonate to two parts propylene carbonate) , and 
40 parts tetrahydrof uran . This mixture is then cast, 

25 using a doctor blade over a roller with a blade gap 0.5 
mm, onto a copper foil, and passed through a dryer at 
70°C to ensure evaporation of the volatile solvent 
tetrahydrof uran. In this particular example the 
copolymer is of vinylidene fluoride with 2 percent by 

30 weight of hexaf luoropropylene, and has a sufficiently 
high molecular weight that its melt flow index (at a 
temperature of 230 °C and a load of 21.6 kg) is only 3.1 
g/10 min. 
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The resulting anode comprises the aluminium- f illed 
nanotubes along with copolymer, plasticising solvents and 
lithium salt- It can be combined with a composite 
5 cathode and a polymer electrolyte to form a reversible 
lithium ion cell. 
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Claims 

1. An anode for a rechargeable lithium cell, the anode 
comprising carbon nanotubes, characterized in that the 
5 nanotubes contain within them a metal or a metalloid 

selected from: aluminium, tin, metallic alloys containing 
aluminium or tin, or silicon, that can form alloys 
reversibly with lithium over a range of compositions. 

10 2. An anode as claimed in claim 1 wherein the carbon 
nanotubes are bound together by a polymeric binder. 

3. An anode as claimed in claim 2 comprising both a 
polymeric binder and a plasticising solvent. 

15 

4. A rechargeable lithium cell incorporating an anode 
as claimed in any one of the preceding claims, a 
reversible cathode, and an electrolyte. 
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V> (54) Title: ANODE FOR RECHARGEABLE LITHIUM CELL 

(57) Abstract: An anode for a rechargeable lithium cell comprises carbon nanotubes that contain within them an element that can 
form alloys or compounds reversibly with lithium over a range of compositions. The element within the nanotubes may be aluminium 

^5 or tin - These carbon nanotubes are bound together to form a coherent layer with a polymeric binder, such as a polymer of viniylidene 
fluoride. A cell with such an anode should have improved capacity and improved reversibility, because the nanotubes provide a 

^ stabilising framework for the alloy. 
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As a below named inventor, I hereby declare that* 

My residence, post office address and citizenship are as stated below next to my name 

I believe ( am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if plural names are listed below) of the subject matter 
which is claimed and for which a patent is sought on the invention entitled Anode for rechargeable lithium Cell 

the specification of which is attached hereto, unless the following box is checked 

[ X] was filed on 18 th August 2Q0Q as United States Application Number or PCT International Application 

Number PCT/GB00/03211 and was amended on 18 th June 2001 (if applicable) 

I hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, as amended by any amendment referred to above 
I acknowledge the duty to disclose information which is material to patentability as defined in Title 37, Code of Federal Regulations, §1 56 

I hereby claim foreign priority benefits under Title 35, United States Code, §1 19(a)-(d) or 365(b) of any foreign application(s) for patent or inventor's certificate, or 365(a) of any 
PCT International Application which designated at least one country other than the United States of America, listed below and have also identified below any foreign 
application for patent or inventor's certificate, or of any PCT International application having a filing date before that of the application on which priority is claimed 

Priority Claimed 

United Kingdom 21 st August 1999 [X] [ ] 

(Country) (Day/Month/Year Filed) Yes No 

Priority Claimed 

(Country) (Day/Month/Year Filed) "~ Yes No^ 



99 19807.9 

(Number) 



(Number) 



[ ] Additional applications identified on attached sheet 



I hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s), or 365(c) of any PCT International application designating the United 
States of America, listed below and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States or PCT International 
application in the manner provided by the first paragraph of Title 35, United States Code, §1 12, I acknowledge the duty to disclose information which is material to patentability 
as defined in Title 37, Code of Federal Regulations, §1 56 which became available between the filing date of the prior application and the national or PCT international filing 
date of this application. 



(Application Serial Number) 



(Filing Date) 



(Status) (patented, pending, abandoned) 



(Application Serial Number) 



(Status) (patented, pending, abandoned) 



(Filing Date) 

( ] Additional applications identified on attached sheet 
I hereby appoint the following attorneys to prosecute this application and to transact all business in the Patent and Trademark Office connected therewith 
William H. Holt, Reg No 20766; D Peter Hochberg, Reg No 24603, Ronald E. Greigg, Reg No 31517; Howard M Ellis, Reg No. 25856, David J Serbin, Reg No 30589 
Direct all telephone calls to WILLIAM H. HOLT, Telephone Number (703) 838-2700 

Address all correspondence to LAW OFFICES OF WILLIAM H. HOLT, 1423 Powhatan Street, Unit 2, First Floor, Alexandria, Virginia 22314. 

I hereby declare that all statements made herein of my own knowledge are true and that ail statements made on information and belief are believed to be true, and further that 
these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 
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DIDCOT, OXFORDSHIRE, OX11 0QJ, UNITED KINGDOM 
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As a below named inventor, I hereby declare that 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if plural names are listed below) of the subject matter 
which is claimed and for which a patent is sought on the invention entitled Anode for rechargeable lithium Cell 

a 

the specification of which is attached hereto, unless the following box is checked- 

f X] was filed on 18 th August 2000 as United States Application Number or PCT International Application 

Number PCT/GB00/0321 1 and was amended on 18 th June 2001 (if applicable). 

I hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, as amended by any amendment referred to above 
I acknowledge the duty to disclose information which is material to patentability as defined in Title 37, Code of Federal Regulations, §1 56 

I hereby claim foreign priority benefits under Title 35, United States Code, §1 1 9(a)-(d) or 365(b) of any foreign application(s) for patent or inventor's certificate or 365(a) of any 
PCT International Application which designated at least one country other than the United States of America, listed below and have also identified below any foreign 
application for patent or inventor's certificate, or of any PCT International application having a filing date before that of the application on which priority is claimed 

Priority Claimed 

United Kingdom 21 st August 1999 [X j r j 

(Country) < Day/Month/Year Filed) Yes No 

Priority Claimed 

( Day/Month /Year Filed) " YeJ No^ 



99 19807.9 

(Number) 



(Number) 



(Country) 



( ] Additional applications identified on attached sheet 



I hereby claim the benefit under Title 35, United States Code, §1 20 of any United States application(s), or 365(c) of any PCT International application designating the United 
States of America, listed below and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States or PCT International 
application in the manner provided by the first paragraph of Title 35, United States Code, §1 12, 1 acknowledge the duty to disclose information which is material to patentability 
as defined in Tille 37, Code of Federal Regulations, §1 56 which became available between the filing date of the prior application and the national or PCT international filina 
date of this application- y 



(Application Serial Number) 



(Filing Date) 



(Status) (patented, pending, abandoned) 



(Application Serial Number) 



(Status) (patented, pending, abandoned) 




(Filing Date) 

[ ] Additional applications identified on attached sheet 
I hereby appoint the following attorneys to prosecute this application and to transact all business in the Patent and Trademark Office connected therewith 
William H. Holt, Reg No^0766^D. Peter Hoch berg, Reg N o 24603, R onald E. Greigg, Reg No 31517, Howard M Ellis, Reg No 25856; David J Serbin, Reg No 30589 



Direct all telephone calls to 
Address all correspondence to 



WILLIAM H. HOLT, Telephone Number: (703) 838-2700 

LAW OFFICES OF WILLIAM H. HOLT, 1423 Powhatan Street, Unit 2, First Floor, Alexandria, Virginia 22314. 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed to be true and further that 
these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 
1 8 of the United States Code and that such willful false statements may jeopardize the validity of the application or any patent issued thereon 



K >r)t\E un name of Second Joint Inventor 

cJLd" /Ji OaceK John FRAY 



Residence 

GREAT SHELFORD, CAMBRIDGESHIRE, UNITED KINGDOM 



Inventor's Signature . 



Post Office Address 



c/o ACCENTUS PLC, PATENTS DEPT., 329 HARWELL 
DIDCOT, OXFORDSHIRE, OX11 OQJ, UNITED KINGDOM 



Date 

*5th February 20fl ? 



Citizenship 

BRITISH 



mL 



Full name of Third Joint Inventor 



Inventor's Signature 



Post Office Address 



Citizenship 



Full name of Fourth Joint Inventor 



Inventor's Signature 



Citizenship 



Post Office Address 



[ x ] See attached sheet for similar information and signatures for additional joint inventors. 

LAW OFFICES OF WILLIAM H. HOLT, 1423 Powhatan Street, Unit 2, First Floor, Alexandria, Virginia 22314 



